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(57) An engine valve operating system is provided 
that includes a variable valve lift mechanism in which, 
when there is a possibility that the rotational speed of the 
engine might increase beyond an allowed rotational 
speed due to a downshift error in a manual transmission, 
etc., the amount of valve lift is decreased without chang- 
ing the opening angle of the valve (1 9). By so doing, the 
curvature at the top of the curve of lift of the valve (19) 
is reduced, the Iniertial force applied to the valve (19) is 
reduced, and improper movement of the valve (1 9) can 
be prevented. Moreover, it is possible to prevent any in- 
crease in the intat<e air volume due to a decrease in the 
amount of Tift of the valve (1.9), and prevent the effective- 
ness of engine braking from being degraded, thus ena- 
bling the rotational speed of the engine to be decreased 
and thereby preventing improper movement of the valve 
(1 9) from being promoted 
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LARGE VALVE LIFT 
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SMALL VALVE LIFT 
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Description 

FIELD OF THE INVENTION 

[0001 ] The present Invention relates to an engine valve s 
operating system that includes a variable valve lift mech- 
anism that varies the amount of valve lift. 

BACKGROUND ART 

10 

[0002] In an engine valve operating mechanism, it is 
necessary to bias a valve in a valve closing direction with 
a load generated by a valve spring in order to counteract 
the inertial force of the valve, which increases in propor- 
tion to the square of the rotational speed of the engine, is 
In order to prevent the valve operating mechanism from 
being damaged due to improper movement of the valve 
when the rotational speed of the engine exceeds an al- 
lowed rotational speed due to a downshift error In a man- 
ual transmission, etc., a load that exceeds the valve ^ 
spring load required for achieving the allowed rotational 
speed is. needed. If the load of the valve spring or the 
strength of the valve operating mechanism 1s increased 
in order to prevent damage to the valve operating mech- 
anism, there is the problem that the weight and the cost 25 
will increase. 

[0003] An engine valve operating system described in 
Japanese Patent Application Laid-open No. 8*232693 re- 
duces the inertial force of the valve to thereby prevent 
the occurrence of improper valve movement by increas- 30 
ing the valve opening angle without changing the amount 
of valve lift. 

[0004] However, In the above-mentioned conventional 
arrangement, when the rotational speed of the engine 
increases and improper movement of the valve is about 35 
to occur, in order to decrease the inertial force of the 
valve, the valve opening angle is increased without 
changing the amount of valve lift, and although the orig- 
inal desire was to decrease the rotational speed of the 
engine, since the intake air volume increases, the rota- 
tional speed of the engine increases, and there is a pos- 
sibility that improper movement of the valve might be 
promoted. Furthermore, when the valve opening angle 
• is increased, since the effectiveness of engine braking 
deteriorates, there is a possibility of an effective braking 
effect not being obtained and improper movement of the 
valve not being suppressed. 

DISCLOSURE OF THE INVENTION 

50 

[0005] The present Invention has been achieved under 
the above-mentioned circumstances, and it is an object 
thereof to suppress effectively improper movement of a 
valve when there is a possibility that the rotational ^eed 
of the engine might exceed an allowed rotational speed, ss 
[0006] In order to accomplish this object, in accord- 
ance with a first aspect of the present Invention, there is 
proposed an engine valve operating system that includes 
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a variable valve lift mechanism that varies the amount of 
lift of a valve, the variable valve lift mechanism decreas- 
ing the amount of lift of the valve In a region where im-r 
proper movement of the valve occurs due to an increase 
In the rotational speed of the engine, so thatthe curvature 
at the top of a lift curve of the valve becomes a curvature 
at which the improper movement does not occur. 
[0007] In accordance with this first aspect, since the 
amount of valve lift is decreased when there is a possi- 
bility that the rotational speed of the engine might in- 
crease and improper movement of the valve might occur, 
by reducing the curvature at the top of the valve lift curve 
so as to decrease the inertial force applied to the valve 
It is possible to prevent the improper movement of the 
valve. Moreover, by reducing the amount of valve lift so 
as to prevent any increase in the intake air volume and 
prevent the effectiveness of engine braking from being 
degraded, it is possible to reduce the rotational sjseed of 
the engine, thereby preventing improper movement of 
the valve from being promoted. 

[0008] Furthemriore, in accordance with a second as- 
pect of the present invention, in addition to the first as- 
pect, there is proposed an engine valve operating system 
wherein the variable valve lift mechanism varies the 
amount of lift without changing the opening angle of the 
valve. In accordance with this arrangement, since the 
valve opening angle does not change when the amount 
of valve lift is varied, it is possible to suppress any in- 
crease in the intake air volume and any decrease in the 
effectiveness of engine braking, thereby yet more reliably 
preventing improper movement of the valve. Moreover, 
since only the amount of valve lift is controlled as a pa- 
rameter for changing the curvature at the top of the valve 
lift curve, the controllability is improved. 
[0009] Moreover, in accordance with a third aspect pf 
the present invention, in addition to the first or second 
aspect, there is proposed an engine Valve operating sys- 
tem wherein, when the improper movement occurs, the 
variable valve lift mechanism decreases, according to 
the rotational speed of the engine, the amount of lift down 
to a value at whteh occurrence of the improper movement 
can be suppressed. In accordance with this arrangement, 
since the occurrence of improper movement is sup- 
pressed by decreasing the amount of valve lift according 
to the rotational speed of the engine, it is possible to 
appropriately decrease the amount of valve lift, thereby 
reliably suppressing improper rhovement of the valve 
while preventing a rapid change in the output of the en- 
gine. 

[0010] An intake valve 19 of embodiments corre- 
sponc^ to the valve of the present invention. 

BRIEF DESCRIPTION OF DRAWINGS 

[0011] 

Fig. 1 to Fig, 12 illustrate a first embodiment of the 
present invention; Fig. 1 is a partial vertical sectional 
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view of an engine (sectional view along line 1-1 in 
Fig. 2), Fig. 2 is a sectional vievy along line 2-2 in Fig. 
1 , Fig. 3 is a view f ronri arrowed line 3-3 in Fig. 2, Rg; 
4 is a side view of a variable valve lift mechanism, 
Fig. 6 is a perspective view of the variable valve lift 
mechanism, Fig. 6 is a view from arrow 6 in Fig. 3, 
Fig. 7 is a sectional view along line 7-7 in Fig. 3, Figs. 
8A and 8B are views for explaining the operation of 
the variable valve lift mechanism, Rg. 9 is a view 
showing a valve lift curve. Rg. 1 0 is a graph showing 
the relationship of the valve inertial force and the 
valve spring toad with respect to the valve lift, Rg. 
1 1 is an enlarged view of an essential part of Fig. 3, 
and Rg. 12 is a graph showing the relationship be- 
tween the rotational angle of la control arm and the 
rotational angle of a sensor arm. Rg. 13 . and Rg. 14 
illustrate a second ennbodrment of the present inven- 
tion; Fig. 13 is a view, corresponding to Fig. 1 1, of 
the second embodiment, and Fig. 14 is a graph 
showing thfe relationship between the rotational an- 
gle of a control arm and the rotational angle of a 
sensor amn. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0012] A mode for carrying out the present invention 
is explained below with reference to an embodiment of 
the present invention shown in attached drawings. As 
shown in Fig. 1, an in-line multicylinder engine E includes 
a cylinder block 12 having cylinder bores 1 1 provided in 
the interior thereof, pistons 13 slidably fitted in the cylin- 
der bores 1 1 , a cylinder head 1 4 joined to a top face of 
the cylinder block 12. combustion chambers 15 fomied 
between the cylinder head 14 and the pistons 13, and a 
head cover 16 joined to a top face of the cylinder head 
1 4. Formed in the cylinder head 1 4 are an intake port 1 7 
and an exhaust port 18 each communicating with the 
combustion chamber 1 5, the intake port 1 7 being opened 
and closed by two intake valves 1 9, and the exhaust port 

18 being opened and closed by two exhaust valves 20. 
A stiem 1 9a of each intake valve 1 9 is slidably fitted in a 
valve guide 21 provided in the cylinder head 14. and is 
biased in a valve closing direction by means of a valve 
spring 24 disposed between upper and lower spring 
seats 22 and 23. A stenri 20a of each exhaust valve 20 
is slidably fitted in a valyegulde25 provided inthecylinder 
head 14. and is biased in a valve closing direction by 
means of a valve spring 28 disposed between upper and 
tower spring seats 26 and 27. 

[0013] As is clear from Fig. 1 dnd Fig. 2, an intake 
camshaft 31 and an exhaust camshaft 32 are rotatably 
supported between a camshaft holder29 and a camshaft 
cap 30 provided in the cylinder head 1 4. The intake valves 

1 9 are driven by the intake camshaft 31 via a variable 
valve lift mechanism 33 and the exhaust valves 20 are 
driven by the exhaust camshaft 32 via a variable valve 
lift/valve timing mechanism 34. 

[001 4] The variable valve fiftA^alve timing mechanism 



34 that drives the exhaust valves 20 is known, and ah 
outline thereof is explained here. Two low speed rocker 
arms 36 and one high speed rocker ami 37 are pivotably 
supported at one end thereof on an exhaust rocker arm 

5 shaft 35 supported by the camshaft holder 29, two low 
speed cams 39 provided on the exhaust camshaft 32 
abut against rollers 38 provided in intemriediate sections 
of the low speed rocker arms 36, and a high speed cam 
41 provided on the exhaust camshaft 32 abuts against a 

^0 roller 40 provided in an intemriediate section of the high 
speed rocker ami 37. Adjustment bolts 42 provided at 
the other ends of the low speed rocker arms 36 abut 
against stem ends of the exhaust valves 20. When the 
engine E runs at a low speed, disengaging the connection 

15 between the low speed rocker arms 36 and the high 
speed rocker arm 37 by means of hydraufic pressure 
allows the low speed rocker arms 36 to be driven by the 
corresponding low speed cams 39. and as a result the 
exhaust valves 20'are opened and closed with a low valve 

20 lift and a low opening angle. When the engine E mns at 
a high speed. Integrally connecting the low speed rocker 
arms 36 and the high speed rocker arm 37 by means of 
hydraulic pressure allows the high speed rocker arm 37 
to be driven by the corresponding high speed cam 41 , 

25 and as a result the exhaust valves 20 are opened and 
closed with a high vatve lift and a high opening angle by 
means of the low speed rocker amris 36, which are con- 
nected to the high speed rocker ann 37. In this way, the 
valve lift and the valve timing of the exhaust valves 20 

30 are controlled at two levels by the variable valve lift/valve 
timing mechanism 34. 

[0015] The structure of the variable valve lift mecha- 
nism 33 is. now explained with reference to Fig. 3 to Fig. 
6. The variable valve lift mechanism 33 includes a blfur- 

35 cated upper link 61 . a lower link 62 that is shorter than 
the upper link 61, and a rocker ami 63, one end of the 
upper link 61 and a roller 65 being axially supported in 
an upper part of the rocker arm 63 via an upper pin 64, 
and one end of the lower link 62 being axially supported 

^0 in a lower part of the rocker arm 63 via a lower pin 66. 
The other end of the upper link 61 is pivotably supported 
by a rocker arm shaft 67 fixed to the camshaft holder 29, 
and the other end of the lower link 62 is pivotably sup- 
ported by a movable support shaft 60. A cam 69 provided 

45 on the intake camshaft 31 abuts against the roller 65 
axially supported by the upper pin 64. and two adjustment 
bolts 70 provided on the rocker ann 63 abut against stem 
ends of the intake valves 19. 

[0016] The movable support shaft 60 is connected to 
50 a crank member 68 that enables the movable support 
shaft 60 to be angulariy displaced around an axis parallel 
to the axis of the movable support shaft 60, and the crank 
member 68 is rotatably supported by the camshaft holder 
29 of the cylinder head 1 4 on opposite sides of the rocker 
55 arm 63. 

[001 7] The crank member 68 is a single member that 
Is shared by a plurality of cylinders arrangiecl in line and 
supported by each of the camshaft holders 29. and is 



ISDOCID: <EP. 



162e007A1 i > 



5 



EP 1 628 007 A1 



6 



formed in a crank shape having, for each cylinder, webs 
68a disposed on opposite sides of thie rocker arm 63, 
journal portions 68b each connected at right angles to 
the outer face of a base portion of each of the two webs 
68a and rotatably supported by the camshaft holders 29, s 
and a connecting portion 68c providing a connection be* 
tween the two webs 68a, the movable support shaft 60 
being connected to the crank member 68 so ds to provide 
a connection between the two webs 68a. 
[001 8] In this way, the crank member 68, which is con- io 
nected to the movable support shaft 60 so that the mov- 
able support shaft 60 can be. angularly displaced around 
the axis that is parallel to the axis of the movable support 
shaft 60, has a two point support structure in which the 
crank member 68 is supported by the camshaft holders 75 
29 on opposite sides of the rocker arm 63, thereby in- 
creasing the rigidity with which the crank member 68 is 
supported and enabling variable control of the amount 
of vatve lift of the intake valves 20 to be carried out pre- 
cisely. 20 
[0019] Furthennore. since the single crank member 68 
is shared by the plurality of cylinders arranged in line and 
is supported by each camshaft hokJer 29, it is possible 
to prevent any increase in the number of components, 
thereby enabling the dimensions of the engine E to be 25 
made compact. 

[0020] Moreover, since the crank member 68 is formed 
in the crank shape having the webs 68a disposed on 
opposite sides of the rocker arm 63, the journal portions 
68b connected at right angles to the outer face of the 3o 
base portion of each of the two webs 68a and rotatably 
supported by the camshaft holders 29, and the connect- 
ing portion 68c providing a connection betweeri the two 
webs 68a, and the movable support shaft 60 is connected 
to the crank member 68 so as to provide a connection 35 
between the two webs 68a, it is possible to increase the 
rigidity of the angularly displaced crank member 68. and 
ensure that hardly any twist torque is applied to the nrioy- 
abie support shaft 60, and by press-fitting the movable 
support shaft 60 into connecting holes 59 of the webs ^ 
68a in a state in which a movable support shaft through 
hole 62a of the lower link 62 and the connecting holes 
59 are aligned with each other, it is possible to easily 
mount the crank member 68 on the lower link 62 via the 
movable support shaft 60. 45 
[0021] When the rocker arm 63 is at the raised position 
shown in Fig. 4, that is, the intake valves 19 are in a 
closed state, the journal portions 68b of the crank mem- 
ber 68 are disposed coaxially with an axis L of the lower 
pin 66, which pivotably supports the lower part of the so 
rocker ami 63. Therefore, when th6 crank member 68 
swings around the axis of the journal portions 68b, the 
movable support shaft 60 moves on an arc A (see FIG. 
4) having the jbumal portion 68b as its center. 
[0022] Referring also to Fig. 7, coaxially and integrally ss 
connected to the joumal portion 68b at one end in the 
axial direction of the crank member 68 is a connecting 
shaft portion 68d, which projects from a support hole 1 6a 



formed in the head cover 1 6. A control arm 71 is fixed to 
the extremity of the connecting shaft portion 68d, and 
this control arm 71 Is driven by an actuator motor 72 
provided on an outer wall of the cylirider head 14. That 
is, a nut member 74 meshes with a threaded shaft 73 
that is rotated by the actuator motor 72, one end of a 
connecting link 76 is pivotably supported on the nut mem- 
ber 74 via a pin 75, and the other end thereof is pivotably 
supported on the control arm 71 via pins 77. When the 
actuator motor 72 is operated, the nut member 74 there- 
fore moves along the threaded shaft 73, which is rotated, 
the cran k member 68 is made to swing arou nd the joumal 
portion 68b by means of the control arm 71 connected 
to the nut member 74 via the connecting link 76, and the 
movable support shaft 60 accordingly moves between 
the position shown in FIG. 8A and the posltton shown In 
FIG.8B. 

[0023] The threaded shaft 73, the nut member 74, the. 
pin 75, the connecting link 76, the pins 77, and the control 
arm 71 are housed inside a box-shaped casing 52 that . 
is secured to outer faces of the cylinder head 1 4 and the 
Head cover 1 6 yia bolts 79. An opening of the casing 52 
is covered by a cover member 78 that is detachabty fixed 
via bolts 53, and simply removing the cover member 78 
enables the threaded shaft 73, the nut member 74, the 
pin 75, the connecting link 76, the pins 77, and the control 
arm 71 to be easily serviced. Moreover, thexasing 52 is 
joined so as to straddle the cylinder head 14 and the head 
cover 16, thereby enabling the casing 52.. the cylinder 
head 14, and the head cover 1 6 to increase each other's 
rigidity. Fixing the actuator motor 72 to the casing 52 also 
enables the rigidity with which the actuator motor 72 is 
supported to be enhanced. 

[0024] As is clear from Fig. 3, the control arm 71 and 
the threaded shaft 73 are disposed on the intake valve 
1 9 side (the left-hand side In the figure) relative to a cyl- 
inder axis Ls, and the actuator motor 72 is disposed on 
the exhaust valve 20 side (the right-hand side In the fig- 
ure). In this way, disposing the control arm 71 and the 
threaded shaft 73 separately from the actuator motor 72, 
with them on opposite sides of the cylincler axis Ls, min- 
imizes the extent to which the actuator motor 72 pro- 
trudes outward from the cylinder head 14 or the head 
cover 16, thereby enabling the dimensions to be niade 
compact. 

[0025] In particular, since the threaded shaft 73 and 
the actuator motor 72. which are connected in line, are 
disposed on the cylinder head 1 4 side relative to the con- 
necting shaft portion 68d to which one end of the control 
arm 71 is connected, while having their axes perpendic- 
ular to the cylinder axis Ls, the actuator motor 72 is dis- 
posed within the confines of the cylinder head 14, making 
it yet more compact, and the strong cylinder head 14 
enables the rigidity with whbh the actuator motor 72 Is 
supported to be yet further enhanced. 
[0026] The casing 52 is secured to the cylinder head 
1 4 and the head cover 1 6 via four bolts 79; among these 
bolts 79, two bolts 79 are disposed side-by-side in a di- 
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rection perpendicular to the cylinder axis Ls on opposite 
sides of the connecting shaft portion 68d, and of the two 
bolts 79 on the cylinder head 14 side, one is disposed 
beneath the connecting shaft portion 68d along the cyl- 
inder axis Ls, and the other bolt 79 Is disposed adjacent 
to the actuator motor 72. 

[0027] In accordance with such an arrangement of the 
bolts 79, since the casing 52 is fixed to the head cover 
16 via the two bolts 79 on opposite sides of the connecting 
shaft portion 68d, around which the control ami 71 swings 
with a small amount of travel, and on the threaded shaft 
73 side where the control arm 71 swings to a larger extent 
the casing 5 1 is fixed to the cylinder head 1 4 via the bolts 
79 beneath the threaded shaft 73, the bolts 79 can be 
arranged compactly while increasing the rigijdity with 
which the casing 52 is supported. 

[0028] Although when the casing 52 is mounted so as 
to straddle the cylinder head 14 and the head cover 16, 
the bolts 79 might be some distance away from the 
threaded shaft 73 or the actuator motor 72, since the 
threaded shaft 73 and the actuator motor 72 are support- 
ed on the cylinder head 1 4 side so as to be perpendicular 
to the cyiinderaxis Ls, the bolts 79 andthethreaded shaft 
73 can be arranged as close to the actuator motor 7i2 as 
possible. 

[0029] Referring to Fig. 7, provided on the camshaft 
holder 29, which supports the joumal portions 68b dis- 
posed at one end in the axial direction of the crank mem- 
ber 68, is an oil reservoir 80 facing the connecting shaft 
portion 68d, which is coaxlally connected to the joumal 
portion 68b, and provided in the connecting shaft portion 
68d are a radial hole 81 whose outer end opens on an 
outer face of the connecting shaft portion 68d so as to 
communicate with the Interior of the oil reservoir 80, a 
radial hole 82 whose outer end opens on the outer face 
of the connecting shaft portion esd so as to communicate 
with the interior of the casing 52, and an axial hole 83 
providing a connection between the inner ends of the two 
radial holes 81 and 82. Also provided in the casing 52 
andthe cylinder head 14is a return hole 84 through which 
oil collected in a lower part within the casing 52 is returned 
to the interior of the cylinder head i 4. 
[0030] Therefore, oil splashed within the head cover 
.1 6 or oil leaking from a bearing portion of the intake cam- 
shaft 31 is collected in the oil resen/oir 80, and when the 
connecting shaft portion 68d is submerged below the oil 
level of the oil reservoir 80. the oil within the oil reservoir 
80 drops within the casing 52 via the radial hole 81 the 
axial hole 83, and the radial hole 82. Meshed sections of 
the threaded shaft 73 and the nut member 74 are thereby 
lubricated, and the oil that has dropped to the bottom 
within the casing 52 is returned to the cylinder head 14 
side via the return hole 84. 

[0031] Referring In particular to Fig. 3, the casing 52 
is equipped with a rotational angle sensor 85 such as, 
for example, a rotary encoder, and one end of a sensor 
ann 86 is fixed to the extremity of a sensor shaft 85a of 
the rotational angle sensor 85. A guide channel 87 is 



provided in the o^^^ 

rection, and a pin 87 is slidably fitted in the guide channel 
87^ the pin 87 being provided ait the other end of the 
sensor arm 86. 
5 [0032] The operation of this embodiment is now ex- 
plained. When the control arm 71 is made to swing to the 
right-hand side of FIG. 3 by means of the actuator motor 
72, the crank member 68 (see Rg. 5) connected to the 
control arm 71 rotates in an anticlockwise direction; as 

^0 shown in Fig. 8A the movable support shaft 60 ascends, 
and the shape of a four-joint link joining the rocker arm 
shaft 67, the upper pin 64, the lower pin 66, andthe mov- 
able support shaft 60 becomes substantially triangular. 
When the cam 69 provided on the intake camshaft 31 

IS pushes the roller 65 in this state, the four-joint link de- 
fomis, the rocker arm 63 swings downward from the bro- 
ken line position to the solid line position, and the adjust- 
ment bolts 70 push the stem ends of the intake valves 
1 9, thus opening them with a high valve lift. 

20 [0033] When the control arm 71 is made to swing to 
the left-hand side of RG. 3 by the actuator motor 72, the 
crank member 68 connected to the control amri 71 pivots 
in a clockwise direction, the movable support Shaft 60 
descends as shown in Rg. 8B, and the shape of the 

25 four-joint link joining the rocker ami shaft 67, the upper 
pin 64, the lower pin 66, and the movable support shaft 
60 becomes substantially trapezoidal. When the cam 69 
provided on the intake camshaft 31 pushes the roller 65 
In this state, the four-joint link defomfis, the rocker arm 

30 63 accordingly swings downward from the broken line 
position to the solid line position, andthe acQustment bolts 
70 push the stem ends of the intake valves 19, thereby 
opening them with a low valve lift. 
[0034] Fig. 9 shows vah^e lift curves for the intake 

35 valves 19; the opening angle with the high valve lift cor- 
responding to Rg. 8A is the same as the opening angle 
with the low valve lift corresponding to Fig. 8B, and only 
the amount of valve lift has changed. 
[0035] When the rotational speed of the engine in- 

^0 creases beyond an allowed rotational speed, the opening 
and closing speed of the Intake vaives 1 9 increases, the 
load of the valve springs 24 becomes insufficient, and a 
state is produced in which the intake valves 19 are not 
seated reliably. 

45 [0036] The graph of Fig. 1 0 shows the relationship be- 
tween the valve inertial force and the valve spring toad 
with respect to the amount of valve lift at the maximum 
allowed rotational speed of the engine, and the valve 
inertial force increases in proportion to an increase in the 

50 amount of valve lift whereas the valve spring load in- 
creases from a predetermined set load in response to an 
increase in the amount of valve lift. In order- to prevent 
improper movemerit of the valve, it is necessary to restrict 
the amount of vah^e lift so that the valve spring load ex- 

55 ceeds the valve inertial force. The smaller the amount of 
valve lift, the larger the margin of the valve spring load 
over the valve inertia) force, and even when the rotational 
speed of the engine increases, improper movement of 
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the valve, that is, valve seating ifailure, is prevented. 
[0037^ When the rotational speed of the engine in* 
creases from Nel to Ne2 and then to Ne3, since the valve 
inertial force increases accordingly, the improper move- 
ment region gradually widens toward the side where the s 
valve lift is low. It is therefore necessary to prevent im- 
proper movement of the valve over the entire rotational 
speed region of the engine by decreasing the valve lift in 
response to an increase in the rotational speed of the 
engine. io 
[0038] In this embodiment, when the rotational spe^d 
of the engine exceeds an allowed rotational speed due 
to a downshift error in a manual transmission ^ etc., and 
improper movement of the intake valves 1 9 is about to 
occur, the variable valve lift mechanism 33 Is operated is 
according to the rotational speed of the engine, and as 
shown in Fig. 9 the amount of valve lift Is thereby reduced 
without changing the opening angle of the intake valves 
1 9. As a result, the curvature of the valve lift curve at the 
top decreases, the inertial force applied to the intake 20 
valves 1 9 decreases, and improper movement of the in- 
take valves 19 can be suppressed without specially in- 
creasing the set load for the valve springs 24. 
[0039] In this process, even when the amount of valve 
lift of the intake valves 1 9 decreases, since the opening 
angle does not increase, the intake air volume does not 
increaise and the rotational speed of the engine is pre- 
vented from increasing, thus reliably suppressing im- 
proper movement of the intake valves 19 and thereby 
preventing any damage to the valve operating mecha- 3d 
nism. Moreover, since the opening angle of the Intake 
valves 19 does not increase, the effectiveness of engine 
braking is not degraded, and the rotational speed of the 
engine is decreased by the effective operation of engine 
braking, thereby preventing irhproper movement of the 35 
intake valves 19. 

[0040] In this way, since Improper moyennent can be . 
prevented by decreasing the amount of valve lift of the 
intake valves 19 without specially increasing the load of 
the valve springs 24. it is unnecessary to increase the ^0 
dimensions of the valve springs 24 and correspondingly 
increase the strength of a valve operating mechanism, 
thereby preventing any increase in the weight and the 
cost. Moreover, since the amount of valve lift of the intake 
valves 19 is decreased by a necessary and sufficient 45 
amount according to the rotational speed of the engirie, 
improper movemerit of the intake valves 19 can be reli- 
ably suppressed white preventing any rapid change in 
the output of the engine E Furthemiore, since instead 
of the opening angle it is only the amount of valve lift that so 
is used as a parameterforchanging the curvature at the . 
top of the lift cun^e of the intake valves 1 9, the controlla- 
bility improves. 

[0041] . When the valve lift of the intake valves 19 is 
changed by making the crank member 68 swing by ss 
means of the actuator motor 72, it is necessary to detect 
the magnitude of the valve lift, that is, the rotational angle 
of the connecting shaft portion 68d of the crank merhber 
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68, and use it as feedback for control of the actuator 
motor 72. Forthat reason, the rotational angle of the con- 
necting shaft portion 68d of the crank niemt>er 68 is de- 
tected by the rotational angle sensor 85. If simply the 
rotational angle of the connecting shaft portion 68d of the 
crank member 68 was detected, the rotational angle sen- 
sor 85 could be connected directly to the connecting shaft 
portion 68d, but.sinc^ the intake efficiency changes 
greatly with only a slight change in the arhount of valve 
lift in the low valve lift region, it is necessary to detect the 
rotational angle of the corinecting shaft portion 68d of the 
crank member 68 precisely and use it as feedback for 
control of the actuator motor 72. On the other hand, iri 
the high valve lift region since the intake efficiency does 
not change greatly even when the amount of valve lift 
changes to some extent, high precision Is not required 
for detection of the rotational angle. 
[0042] The position of the control ami 71 shown by the 
solid line in Fig. 1 1 corresponds to the lowvalve lift region, 
andthe position ofthe control arm 71 shown by the region 
that is in the anticbckwise direction from the low valve 
lift region corresponds to the high, valve lift position. In 
the low vah^e lift region, since the pin 86 of the sensor 
amn 136 fixed to the sensor shaft 85a of the rotational 
angle sensor 85 engages with the tip side (the side distant 
from the axis L) of the guide channel 87 of the control 
arm 71 , when the control amn 71 swings even slightly, 
the sensor ami 86 swings to a large extent: That is, the 
ratio ofthe rotational angle ofthe sensor shaft 85a relative 
to the rotational angle ofthe crank member 68 increases, 
the. resolution of the rotiational angle sensor 85 is en- 
hanced, andthe rotational angle ofthe crankmember 68 
can be detected with high precision. 
[0043] On the other hand, in the high valve lift region 
where the control arm 71 has swung to the position shown 
by the broken line, since the pin of the sensor ami 86 
fixed to the sensor shaft 85a of the rotational angle sensor 
85 engages with the base side (the side close to the axis 
L) of the guide channel 87 of the control arm 71, even 
when the control ami 71 swings to a great extent, the 
sensor aim 86 swings only slightly. That iS; the ratio of 
the rotational angle of the sensor shaft 85a relative to the 
rotational angle ofthe crank member 68 is small, andthe 
precision of detection of the rotational angle of the crank 
memtDer 68 \k low compared with that obtained at a low 
valve lift. . 

[0044] As is clearfrom Fig. 1 2. when the rotational an- 
gle of the control am 71 increases from a low valve lift 
state to a high valve lift state, the detection precision is 
high at first since the rate of increase of the angle of the 
sensor amn 86 is high, but the rate of Increase gradually 
decreases and the detection precision becomes low. 
[0045] In this way, by engaging the sensor ami 86 of 
the rotational angle sensor 85 with the guide channel 87 
ofthe control arm 71, detection precision is obtained in 
a low valve Hft state where a h'^h detection precision is 
required without using an expensive high precision rota- 
tional angle sensor 85, thereby contributirig to a reduction 
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in cost, 2. 
[0046] In this arrangement, since one end (that close 
to the connecting shaft portion 68cl) of the control amn 71 
and one end (that far from the rotational angle sensor 
85) of the sensor arfn 86 are arranged In proximity, and s 
the guide channel 87 is formed in the one end of the 3. 
control arm 71 , the length of the sensor ami 86 can be 
shortened, thus making it compact. When the guide 
channel 87 is fomried in the one end of the control amn 
71 , although the distance from the axis L becomes small io 
and the amount of triavel in the circumferential direction 
of the guide channel 87 is small, since the length of the 
sensor arm 86 is short, it is possible to ensure a sufficient 
rotational angle of the sensor ami 86, thereby ensuring 
the precision of detection of the rotational angle sensor is 
85. 

[0047] A second embodiment of the present invention 
is now explained with reference to Rg. 13 and Rg. 14. 
Whereas the guide channel 87 of the first embodiment 
is fomned linearly along the longitudinal direction of the 20 
cohtroi ann 71 , in the second ennbodirnent, a guide chan- 
nel 87B in one end of the control arm 71 and a guide 
channel 87A for a low valve lift in the other end of the 
control arm 71 are fomned into different arc shapes. As 
a result, as shown in Fig, 14, it is possible to imjDart a 25 
characteristic such that, as the rotational angle of the 
control ami 71 increases from a low valve lift state to a 
high valve lift state, the rotational angle of the sensor amn 
86 changes with a point of infiecftion. In this way, by 
changing the shape of the guide channels 87, 87A, and 3o 
87B of the control amn 71 it is possible to freely detemnine 
the characteristics of the change in the rotational angle 
of the sensor amn 86. 

[0048] Although embodiments of the present Invention 
are described above, the present invention is not limited 35 
to the above-mentioned embodiments and can be mod- 
ified in a variety of ways without departing from the scope 
and the spirit of the present invention described in the 
claims. 

[0049] For example, in the above-mentioned embodi- 
ments, the variable valve lift mechanism 33 is applied 
only to the intake valves 19, but it can be applied only to 
the exhaust valves 20,. or to both the intake valves 19 
and the exhaust valves 20. 



Clainns 

1 . An engine valve opemting system comprising a var- . 
iable valve lift mechanism (33) that varies the amount so 
of lift of a valve (1 9), the variable valve lift mechanism 
(33) decreasing the amount of lift of the valve (19) 
in a region where improper movement of the valve 
(1 9) occurs due to an increase in the rotational speed 
of the engine, so that the curvature at the top of a lift ss 
curve of the vah^e (1 9) becomes a curvature at which 
the improper movement does not occur. 



The engine valve operating system according to 
Claim 1. wherein the variable vaive Tift mechanism. 
(33) varies the amount of lift without changing the 
opening angle of the; valve (1 9). 

The engine valve operating system according to 
Claim 1 or Claim 2. wherein, when the improper 
movement occurs, the variable vah^e lift mechanism 
(33) decreases, according to the rotational speed of 
the engine, the amount of lift down to a value at which 
occurrence of the improper movement can be sup- 
pressed. 
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